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of which are a, g-unsaturated esters, are carcinogenic when administered
to rats orally or parenterally under conditions that permit long-term
survivals. Most frequently, tumor induction has involved multiple doses
of the alkaloids at moderate levels (e.g., a 0.01% solution of petasite-
nine in drinking water for 480 days) (Hirono et_ al*, 1979), but low in-
cidences of tumors after long latent periods have apparently resulted
from only one or a few doses. Tumors have also been induced in rats
after the administration of plants, such as coltsfoot (Tussilago far-
fara) or comfrey (Symphytum sp.)> which contain high levels of pyrrol-
izidine alkaloids.  The tumors occur most frequently in the liver, but
some have developed in other tissues, including the skin and lungs.

Plants containing the pyrrolizidine alkaloids may contaminate
forages and food grains.  Such contamination has resulted in acute and
chronic poisoning of livestock in some parts of the world (Schoental,
1976).  Humans may also be exposed by consuming such alkaloid-containing
plants as drugs or foods. For example, one species of comfrey (Sym-
phytum officinale) is consumed as a green vegetable in Japan (Hirono et_
al., 1979). The carcinogenic potency of some pyrrolizidine alkaloids
and their widespread occurrence have led to the suggestion that these
a, 6-unsaturated esters may play a role in the induction of hepatic
cancer in humans in some parts of the world; however, there are no
reliable data to support this hypothesis.

Experimental Evidence: Mutagenicity. Retrorsine, lasiocarpine,
heliotrine, senkirkine, symphytine, and petasitenine, but not monocrota*-
line, have been shown to be mutagenic in the Salmonella/microsome assay
(Hirono et al., 1979; Wehner et al., 1979; Yamanaka et al., 1979).

Allylic and Propenylic Benzene Derivatives

Numerous allylic and propenylic benzene derivatives are present in
the essential oils of a wide variety of plants (Guenther, 1948-1952;
Guenther and Althausen, 1949), and some of these plants or their ex-
tracts are used as flavoring agents for human foods or as medicines
consumed by humans. Of the known naturally occurring allylic benzene
derivatives, safrole (l-allyl-3,4-methylenedioxybenzene), which is a
major component of oil of sassafras, and estragole (l-allyl-4-methoxy-
benzene), which is present in tarragon and anise, have been the most
comprehensively studied.

Experimental Evidence; Carcinogenicity. Safrole has induced low-
to-moderate incidences of hepatic tumors in adult rats fed at levels of
0.5% or more of the diet for as long as 2 years (International Agency
for Research on Cancer, 1976). Both safrole and estragole induced
hepatic tumors and subcutaneous angiosarcomas within 18 months after
they were fed to adult female CD-I mice at levels bf 0.25%^0.5% for ap-
proximately 1 year (Miller et al., 1979). Administration of less than